Towards a Canonical Method to Solve Patterns of Ontology Modeling Issues (9 Month Report) by Rodriguez-Castro, Benedicto et al.








1. Introduction..................................................................................................................... 4 
 
 
2. The Problem.................................................................................................................... 4 
 
 
3. Work Completed............................................................................................................. 7 
 
3.1. The ReSIST Project ................................................................................................. 7 
 
3.1.1. The Ontologies in the ReSIST Knowledge Base.............................................. 7 
 
3.1.2. An Ontology for Resilience and Survivability in IST ...................................... 8 
 
3.1.3. An Ontology Model for the Concept of Fault................................................. 12 
 
3.1.4. An Ontology for ReSIST University Curricula.............................................. 16 
 
3.2. Summer School on Ontological Engineering ........................................................ 20 
 
 
4. Conclusions and Future Work ...................................................................................... 22 
 
4.1. Patterns in Ontology Modeling Issues................................................................... 22 
 






Appendix A. ReSIST University Curricula Application.................................................. 29 
 
 
Appendix B. Example of a ReSIST Course Instance ....................................................... 30 
 
 
Appendix C. Poster for Ontological Eng. Summer School .............................................. 32 
 Toward a Canonical Method to Solve Patterns of Ontology Modelling Issues                                                                                         4 
____________________________________________________________________________________________________________ 
1. Introduction 
The original idea at the beginning of this PhD program was to evaluate and understand 
the current state of knowledge technologies, specifically ontology engineering, and assess 
if  these  technologies  could  be  applied  to  the  field  of  software  engineering  to  assist 
development teams in improving the quality of the artifacts delivered along the software 
development process. 
 
The  evaluation  of  the  current  state  of  ontology  engineering,  uncovered  new  areas  of 
research interest linked to some of the difficulties encountered when following any of the 
methodologies available to create ontologies. 
 
One of such problems was laying out the initial ontology model once the glossary of 
terms  pertaining  to  the  domain  knowledge  was  already  available.  Ontology  creation 
methodologies provide some guidelines on how to approach this design step however 
they do not seem to provide enough level of detail on how to address certain modeling 
issues. This deficiency  could lead ontology designers into making incorrect modeling 
choices having to rely on a subjective interpretation of the problem. 
 
The aim of this research is to explore this aspect of the ontology creation process in depth 
and try to propose better guidelines that could assist ontologists in solving specific design 
issues in a more deterministic, reproducible and objective manner. 
 
The content of this report is organized as follows: Section 2 presents a quick overview of 
the  main  concepts  in  ontology  engineering  in  general.  Section  3  describes  the  work 
undertaken from the beginning of this program relevant to the area of ontology modeling 
and finally, Section 4 outlines the conclusions gathered from this work and the possible 
lines of further investigation. 
 
2. The Problem 
Ontologies have emerged as one of the key components needed for the realization of the 
Semantic Web vision (Berners-Lee et al., 2001) and they bring with them a broad range 
of development activities that can be grouped into what is called Ontology Engineering. 
 
Ontology  Engineering  practices  present  many  similarities  to  those  in  the  Software 
Engineering  field  and  there  have  been  different  adaptations  of  software  engineering 
principles to the ontology engineering domain (Fernandez-Lopez et al., 1997).  
 
Below is a list of the most common ontology engineering practices and a brief description 
of the work that each one of them entails (Gòmez-Pérez et al., 2004)(Fernandez-Lopez, 
2002)(Fernandez-Lopez et al., 1997). This list is not intended to be exhaustive given that 
new ontology engineering activities continue to appear as ontologies and the applications 
they are used for, keep on evolving. 
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·  Requirements specification. Similarly to its Software Engineering counterpart, the 
main deliverable of this activity is an ontology requirements document. 
 
·  Conceptualization. This activity produces a conceptual model of the ontology, 
starting from a glossary of terms that contains the relevant domain knowledge for 
the ontology. 
 
·  Implementation.  It constitutes  the actual  coding of  the  ontology  into  a  formal 
ontology language that is machine-readable, such as the Web Ontology Language 
(OWL), (Dean and Schreiber 2004). 
 
·  Evaluation. This activity could be seen as the Verification and Validation tasks 
performed in the Software Engineering discipline. The idea is to corroborate that 
the delivered ontology meets the requirements it was built for. 
 
·  Documentation. It is an important task that takes place throughout the ontological 
engineering process in order to understand the built ontology and enable potential 
future re-use. However, lack of guidelines on how to generate this documentation 
has been a challenge for ontologists when undertaking this activity. (Skuce 1995) 
 
·  Evolution  and  maintenance.  This  practice  deals  with  the  repercussions  of 
modifications made to a deployed ontology in the applications and systems that 
the ontology operates. Management of change 
 
·  Extension. In situations when an ontology is re-used, it may be necessary to add 
new classes, properties, or other functionality to adapt it to new requirements. The 
process of adding or expanding the capabilities of an ontology is also referred to 
as ontology extension. 
 
·  Specialization  or  refinement.  It  could  be  viewed  as  the  contrary  process  to 
ontology  extension.  In  this  case,  the  ontology  is  subtracted  of  some  of  its 
functionality that is not relevant to meet its requirements. 
 
·  Pruning or winnowing. It is characterized by tailoring, simplifying, or shrinking 
an ontology with respect to the needs of the application that is using it (Ehrig et 
al., 2004)(Alani et al., 2006). 
 
·  Integration. It deals with the question of how and whether to use all or part of 
ontologies that already exist (Uschold et al., 1996). 
 
·  Merging. It examines similarities and differences between source ontologies and 
it aims to produce a single ontology resulting from the combination of all the 
sources (Noy and Musen, 2000). 
 
·  Mapping or alignment. Like in the case of ontology merging, ontology mapping 
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consistent  with  one  another,  although  here,  the  sources  involved  will  be  kept 
separately (Noy and Musen, 2000). 
 
·  Reasoning. This activity deals with the study of the inferring capabilities of the 
produced ontology. 
 
·  Modularization. (Alan Rector) 
 
Out of all these aspects of ontology engineering, this report is primarily focussed in the 
ontology conceptualization task described above, and on the potential opportunities for 
improvement in the  current state of the art. The idea is to study  ontology  modelling 
problems at a specific point in the conceptualization process. 
 
The  first  part  of  the  conceptualization  phase  is  to  develop  a  glossary  of  terms 
representative  of  the  domain  knowledge  obtained  during  the  preceding  knowledge 
acquisition phase. At this point, the construction of the model for the ontology starts and 
it is at this point that ontologists will have to solve different modelling issues to convert 
the glossary of terms into an ontology model. For example, what terms in the glossary 
should be modelled as classes? What terms should become properties, property values, or 
instances? This is the specific step in the conceptualization phase that this research is 
intended to focus on. 
 
The methodologies that address the creation of ontologies from scratch do not provide 
enough information at the right level of detail about this specific step of the ontology 
conceptualization  phase  (Gòmez-Pérez  et  al.,  2004)(Fernandez-Lopez  et  al., 
2002)(Uschold and King, 1995)(Gruninger and Fox, 1995). They look at this activity in 
broader terms, from a higher level perspective, or from the point of view of what role in 
the overall ontology engineering lifecycle it plays and what dependencies it has with 
other engineering activities. Different methodologies provide different levels of detail on 
how ontology conceptualization should be performed, but none of them discuss in depth 
the possible modelling problems stated earlier (or their solutions), that ontologists may be 
faced with, at that specific point of the ontology creation process. 
 
Two examples of previous work that examine ontology modelling issues in the context 
demanded  by  this  research,  can  be  found  in  (Noy,  2004) 
and in (Noy and McGuinness, 2001), which in turn, bases part of its rationale on the 
principles of object-oriented modelling (Rambaugh et al., 1991). 
 
Lastly,  in  the  next  section  it is  introduced  a  sample  case  scenario  of some  ontology 
modelling issues to illustrate the type of problem described here. 
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3. Work Completed 
This section presents different artifacts developed during the timeframe covered by this 
report. Section 3.1 contains certain ontology modeling issues in connection to the ReSIST 
project (ReSIST, 2006) and Section 3.2 provides a summary of the main work items 
developed  while  attending  the  Fourth  European  Summer  School  on  Ontological 
Engineering. 
 
3.1. The ReSIST Project 
A good amount of work completed during this time, took place in the context of the 
ReSIST project. ReSIST stands for Resilience and Survivability in Information Society 
Technology (IST) and it is a Network of Excellence (NoE) project funded under the Sixth 
Framework Programme of the European Union (ReSIST, 2006). 
 
One  of  the  objectives  of  the  ReSIST  project  is  to  create  a  Knowledge  Base  (KB) 
application  in  the  domain  of  resilient  computing,  partly  inspired  by  the  features 
demonstrated  by  the  semantic  web  application  CS  AKTive  Space  (Glaser  et  al., 
2004)(Shadbolt et al., 2004) and with many of the same requirements. 
 
The aim of the ReSIST Knowledge Base (RKB) is to provide an application to the end-
user that could serve as a portal to browse and search all type of information in the field 
of  resilient  computing:  projects,  people,  institutions,  publications,  communities  of 
practice, courses, etc.  
 
All the information that constitutes the ReSIST KB is stored as Resource Description 
Framework (RDF) data that is generated in accordance to different ontologies required to 
equip  the  KB  of  semantic  capabilities  (Manola  and  Miller,  2004).  The  mentioned 
ontologies  are  provided  in  the  Web  Ontology  Language  (OWL)  format  (Dean  and 
Schreiber 2004). 
 
Further information of the main components and technologies being used to develop the 
ReSIST KB application can be found in (Millard et al., 2006). 
 
3.1.1. The Ontologies in the ReSIST Knowledge Base 
A specific aspect that is highly relevant for this report is the different ontologies being 
used in the ReSIST KB application and the reasons behind them. This section describes 
such ontologies. 
 
The first ontology is the AKT Reference Ontology (AKT, 2002), initially developed for 
the  CS  AKTive  Space  application  (Glaser  et  al.,  2004)(Shadbolt  et  al.,  2004).  This 
ontology  provides  a  model  to  represent  people,  institutions,  projects,  publications, 
research interests, etc. The ontology fits very well the requirements of the ReSIST KB 
application and is being re-used in its entirety. 
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The second ontology is the ReSIST Ontology which is still being developed at present. 
This ontology models the domain of resilient computing. 
 
The third ontology is the ReSIST University Curricula Ontology. It models the concept of 
a university course related to the topic of resilient computing. 
 
The following three sections describe the last two ontologies mentioned and a series of 
problems encountered during the modelling phase that contributed in situating ontology 
modelling as the main research focus of this report. 
 
3.1.2. An Ontology for Resilience and Survivability in IST 
An  exploration  of  existing  ontologies  was  conducted  with  the  goal  of  identifying  a 
candidate  that  could  be  re-used  for  our  target  domain.  This  task  was  performed  by 
searching in Swoogle
1 (an indexing and retrieval system of ontologies for the Semantic 
Web)  for  key  concepts  from  our  target  domain  such  as:  resilience,  dependable, 
dependability, fault, fault-tolerant, fault-tolerance, etc. The same searches were issued in 
Google instructing to check only for ontology files, (by using the engine’s filetype:owl 
web search feature). Both tools retrieved several OWL files, (although in the case of 
Swoogle the number of results was larger and more relevant), but none of them was a 
suitable option mainly because they applied to different domains. The closest candidate 
was an ontology for the ACM Computing Classification System (ACM 2002). However, 
this classification scheme is intended for the whole field of Computing, and does not 
provide the sufficient level of detail for our needs. 
 
An observation drawn after going through the experience of searching existing ontologies 
as described is that it is not very intuitive to understand from the OWL files found, the 
purpose or domain that they belong to. It’s not clear if this is due to the lack of relevant 
comments in the files themselves or if something could be done on how these search 
engines present their results to the user. 
 
At the view of the results, it was concluded that the ontology for ReSIST will have to be 
built from scratch. 
 
The first step when building an ontology from scratch is to acquire the knowledge of the 
domain to model (Noy and McGuinness, 2001)(Fernandez-Lopez et al., 1997)(Uschold 
and  King,  1995)(Gruninger  and  Fox,  1995).  Usually  this  process  requires  contacting 
experts in the domain that can facilitate this information and can be very time-consuming. 
For our purpose it was agreed to use the terms defined in a relevant key publication in the 
field as the initial glossary of terms baseline to model in the ReSIST ontology (Avizienis 
et al., 2005). This would alleviate dramatically the knowledge acquisition task. 
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applications (Motta and Sabou, 2006). This framework would evaluate a semantic web 
application from seven different viewpoints (six at the time of the School) that could be 
described as: 
 
·  Does  the  application  generate  its  own  semantic  data  or  does  it  reuse  existing 
sources? 
·  Does it use a single ontology or can it handle multiple ontologies at the same 
time? 
·  Is it open to semantic resources? Can it reuse semantic repositories external to the 
application to handle a request from a user? 
·  Does the application operate at scale and can it differentiate data quality? 
·  Is it open to web (non-semantic) resources? 
·  Does it include features currently attributed to Web 2.0 applications? 
·  Is it open to web services? 
 
Based on this framework, next generation semantic web applications would be expected 
to exhibit positively most, if not all, of these stated characteristics. 
 
Finally, there are two key points that I would like to stress, and that in retrospect probably 
become the “take home” message for me from a research point of view. The first one is 
having  been  introduced  to  the  concept  of  ontology  design  patterns  during  Aldo 
Gangemi’s presentation (Gangemi 2005) as a possible source of solutions to some of the 
problems in ontology design. The second point came from Jim Hendler’s
8 presentation 
closing statement: “Integration, integration, integration [...]”; as a way of highlighting one 
of the most important keys in his opinion, to unlock the Semantic Web. This is, achieving 
semantic interoperability across distributed and heterogeneous data repositories. 
 
4. Conclusions and Future Work 
The  following  two  sections  outline  the  conclusions  gathered  as  a  result  of  the  work 
presented in this report and identify possible lines of further research. 
4.1. Patterns in Ontology Modeling Issues 
This report started defining a problem in the methodologies available to build ontologies 
from  scratch.  The  problem  is  characterized  by  a  lack  of  sufficient  guidelines  in  the 
ontology conceptualization phase to solve certain ontology modeling issues. 
  
Ideally, the ultimate goal of this research would be to define a canonical methodology for 
the modeling of ontologies starting from a set of well-known ontology requirements and 
the glossary of terms associated to the target domain. This goal is not possible if we 
accept the agreed perception that there is no single correct way or method of modeling an 
ontology as outlined in (Noy and McGuinness, 2001). In that sense, a canonical method 
to model ontologies might be a goal too broad, because ontology modeling can present an 
                                                 
8 Jim Hendler is currently a Professor and Director of The Joint Institute for Knowledge Discovery in the University of Maryland, 
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Appendix A. ReSIST University Curricula Application 
Each box represents a PHP file, and it is divided into 3 cells. The top cell displays the 
name of the file, the middle one displays any significant global variables in the file if any, 
and  the  bottom  one  the  most  important  functions  implemented  in  that  file  (Loosely 
analogous to how classes are characterized in object-oriented  modelling). The arrows 
indicate dependency between two files meaning that the file at the origin of the arrow 
requires or includes the file at the destination of the arrow (Millard et al., 2006). 
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Appendix C. Poster for Ontological Eng. Summer School 
 
 